Isolated tomato fruit protoplasts have been observed to take up both tobacco mosaic virus and ferritin by the process of pinocytosis. These studies have involved electron microscopic observations on thin sections of suitably fixed and embedded material. These electron microscopic studies have also shown that very close association exists between the nucleus and chloroplasts in these proto plasts and that occasionally there are present channels extending from the plasmalemma into the cytoplasm. The implication of these results is discussed in relation to the general physiological activity of protoplasts. tely 4 weeks old was used. Pieces of the locule tissue were treated with 20% (w/v) Rohm and Haas Co. Ltd. Pectinol R. 10 in 20% (w /v) sucrose for 1 hour at room temperature, and protoplasts were finally released from the plasmolysed tissue using a teasing apparatus simi lar to that described by G regory and C o c k in g 1. Ferri tin (cadmium free, isolated from horse spleen) was ob tained from Pentex Incorp. Kankakee, Illinois U.S.A. and was dispensed aseptically. Protoplasts were in cubated with 5% (w/v) solutions of this cadmium free ferritin at ph 4.5 for periods of time up to 8 hours.
Isolated tomato fruit protoplasts have been observed to take up both tobacco mosaic virus and ferritin by the process of pinocytosis. These studies have involved electron microscopic observations on thin sections of suitably fixed and embedded material. These electron microscopic studies have also shown that very close association exists between the nucleus and chloroplasts in these proto plasts and that occasionally there are present channels extending from the plasmalemma into the cytoplasm. The implication of these results is discussed in relation to the general physiological activity of protoplasts. 
M aterial and M ethods
Tomato plants ( L y p e rs ic u m escu len tu m M ill. Var. Ailsa Craig) were either grown locally in Göttingen in a heated greenhouse or in the Botanical Garden at the University of Nottingham. Fruit which was approxima-* This paper is presented in honour of Prof. T i m m ' s 70th birthday along with thanks to all at Göttingen for their friendly co-operation. * * Als Gast an dem Max-Planck-Institut für experimentelle Medizin von August 1964 bis Januar 1965.
tely 4 weeks old was used. Pieces of the locule tissue were treated with 20% (w/v) Rohm and Haas Co. Ltd. Pectinol R. 10 in 20% (w /v) sucrose for 1 hour at room temperature, and protoplasts were finally released from the plasmolysed tissue using a teasing apparatus simi lar to that described by G regory and C o c k in g 1. Ferri tin (cadmium free, isolated from horse spleen) was ob tained from Pentex Incorp. Kankakee, Illinois U.S.A. and was dispensed aseptically. Protoplasts were in cubated with 5% (w/v) solutions of this cadmium free ferritin at ph 4.5 for periods of time up to 8 hours.
Protoplasts were fixed in 6% glutaraldehyde (0.025 M Sodium phosphate buffer ph 7) for approx. 12 hours at 4 °C ., dehydrated in graded alcohols and embedded in butyl methacrylate. Fixation in glutaraldehyde alone gave better contrast between the ferritin molecules and the tissue and was preferred to fixation in glutaralde hyde followed by post-fixation in osmium tetroxide which resulted in the contrast being greatly reduced. Fixation in glutaraldehyde alone or in glutaraldehyde followed by osmium tetroxide is also to be preferred in studies on pinocytotic uptake of molecules such as ferritin because as a result of the studies of T ormey 4 it is becoming clear that by fixing in glutaraldehyde the fragmentation of continuous membranes into vesicle-like structures, which is a marked tendency of osmium tetroxide fixation, is avoided. As a result of this phenomenon fixation in osmium tetroxide following incubation with ferritin can lead to the apparent detec tion of accumulation of ferritin in vesicles which may be mistaken for an actual pinocytotic uptake. Further more, alterations in the permeability of membranes re sulting in the ability of ferritin molecules to diffuse into the cytoplasmic matric a fter fixation are also avoided if osmium tetroxide fixation is not employed ( T ormey 4a). General studies of the fine structure of protoplasts were made from observations of thin sec tions of material also embedded in butyl methacrylate but which had been post-fixed in 2% osmium tetroxide for 15 minutes. S^qtionsr were cut in a Porter Blum ultra-microtome ancr mounted on carbon coated, formvar coated copper grids. Sections were stained with lead citrate ( R e y n o l d s 5) and examined in a Zeiss EM 9 electron microscope. Chloroplasts seem not only to be joined on occasion to each other but also to each other and to the nu cleus. As emphasised by M a n t o n 6 it is im portant to examine all planes o f section at numerous levels before fixation accidents can be distinguished from actual true structure relationships. In this connection a n d t and P a p p a s 10) . In the present investigation incubation with ferritin was carried out at pn 4.5 since in amoebae it has been observed that the initial binding o f ferritin to the cell surface was optimal at a ph near to the iso-electric point o f ferritin (pn 4 .4 ). (N a c h m i a s and M a r s h a l l 11) spinal ganglia have p resented presence of somewhat similar» deq£>iilfvagih^1 §flfeb© f the neuronal plasma membra»^'FiälitilPflSölfc&ifctes were detected in single coatediVekwföS whidhjifc&ftnckb blind ends of these invaginations. Ifcihitrriftfefecisastefr noted that ferritin can enter part of the sarcoplasmic reticulum of a surviving frog sörtöHtlS3 -ähd' that the most straightforward way of accounting for these findings is to assume that ferritin can enter by free diffusion from the extracellular space through tubules of the transverse sysiepi« nTipsQotfh&nn^FJ however, are rather infrequently sections of the protoplasts an^ ^e^roB^ily °noi' extensively developed in all protoplasts. Considera tion must, however, be given'^tiP tft&l? The studies of the fine structure of the nucleus and its surrounding chloroplasts and mitochondria are of particular interest. There is now good evi dence that chloroplasts contain ribonucleic acid and probably deoxyribonucleic acid and that mito chondria do as well.
Results
There is also good evidence that chloroplasts and mitochondria are active in protein synthesis ( H a l l and C o c k in g 16) . Close association of the nucleus with chloroplasts and mitochondria could result in ribonucleic acid, or deoxyribonucleic acid being transferred to these organelles at particular stages in their development. These protoplasts are known to be released from cells which are very active in rela tion to protein synthesis and respiration ( D a v ie s and C o c k in g 8) and close association between certain of the chloroplasts and mitochondria and the nucleus may be linked with the increased metabolic activity as the fruit tissue approaches the climacteric. Only a The kindness of Dr. J. H. M a tth a e i in extending to me the facilities of his laboratory and the fact that Prof. Dr. Dr. F. Timm allowed me to use his Zeiss EM 9 enabled me to continue these studies while a guest at the Medizinische Forschungsanstalt at Göttin gen (Max-Planck-Gesellschaft).
17 P. R. B e l l and K. M ü h l e t h a l e r , J. molecular Biol. 8, 853 [1964] . 
